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Abstract: Habitat loss and degradation is threatening mammals worldwide. Therefore, Protected Areas
(PA) are of utmost importance to preserve biodiversity. Their effectiveness, however, depends on some
management strategies such as buffer zones, which prevent/mitigate the impact of external threats and
might increase the amount of available habitat for wildlife existing within reserves. Nevertheless, how
intensively terrestrial mammals use buffer zones remains little studied, particularly in the Neotropical
region. Aiming to analyse the use of a buffer zone (5 km wide) by medium and large-sized mammals, we
modelled the occupancy probabilities of five species of conservation concern including local (interior and
buffer zone) as a site covariate, simultaneously controlling for imperfect detection. Data collection was
made with camera traps from April to September 2013 in a 9000 ha Cerrado PA (‘‘interior’’) and in its
surrounding area (39721.41 ha; ‘‘buffer zone’’). This PA (Jataı´ Ecological Station) is immersed in a
landscape where sugarcane plantations predominate in the northeastern of the state of Sa˜o Paulo. We
also conducted an inventory to compare the number and composition of species between interior and
buffer zone. A total of 31 mammal species (26 natives) was recorded via camera traps and active search
for sightings, vocalizations, tracks and signs. Occupancy estimates for Myrmecophaga tridactyla,
Leopardus pardalis and Pecari tajacu were numerically higher in interior. On the other hand, Chrysocyon
brachyurus had the highest occupancy in buffer zone, while the largest predator, Puma concolor, used
both areas similarly. However, as the confidence intervals (95%) overlapped, the differences in
occupancy probabilities between interior and buffer were weak for all these species. Additionally,
regarding only the species recorded by cameras, the observed and estimated richness were similar
between interior and buffer zone of the PA. Our data demonstrated that the buffer zone is indeed used by
medium and large-sized mammals, including conservation-dependent ones. The lack of enforcement of
current legislation regarding buffer zones is therefore a real threat for mammals, even when protection is
guaranteed in the interior of protected areas.
Keywords: Medium and large-sized mammals, camera trapping, detection probability, occupancy, Jataı´
Ecological Station.
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Resumo: A perda e degradac¸a˜o de habitat teˆm ameac¸ado os mamı´feros no mundo todo. Dessa forma, a
criac¸a˜o de Unidades de Conservac¸a˜o (UC) faz-se cada vez mais fundamental para sua preservac¸a˜o.
Entretanto, estrate´gias de manejo sa˜o necessa´rias para que as UCs cumpram plenamente seus objetivos,
tal como o estabelecimento de uma zona de amortecimento ao seu redor, a qual aumenta a a´rea de
habitat protegido e visa servir como barreira a impactos negativos externos. Contudo, o uso das zonas de
amortecimento por mamı´feros terrestres permanece pouco estudado, particularmente no Neotro´pico.
Com o objetivo de analisar o uso de uma zona de amortecimento (5 km de extensa˜o) por mamı´feros de
me´dio e grande porte, no´s modelamos a probabilidade de ocupac¸a˜o de cinco espe´cies de interesse
conservacionista, incluindo local (interior e zona de amortecimento) como uma covaria´vel de sı´tio,
controlando, simultaneamente, as imperfeic¸o˜es na detecc¸a˜o. Os dados foram coletados por meio de
armadilhamento fotogra´fico de abril a setembro de 2013 em uma UC de Cerrado de 9000 ha e em
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39721,41 ha do seu entorno. A a´rea de estudo (Estac¸a˜o Ecolo´gica de Jataı´) esta´ imersa em uma paisagem
de matriz canavieira no nordeste do estado de Sa˜o Paulo. No´s tambe´m realizamos um inventa´rio a fim
de comparar a riqueza e a composic¸a˜o de espe´cies no interior e na zona de amortecimento. Foi
registrado um total de 31 espe´cies (26 nativas), incluindo aquelas amostradas apenas por identificac¸a˜o de
vestı´gios, de vocalizac¸o˜es e por observac¸a˜o direta. As estimativas de ocupac¸a˜o para Myrmecophaga
tridactyla, Leopardus pardalis e Pecari tajacu foram numericamente maiores no interior, enquanto
Chrysocyon brachyurus obteve a maior estimativa de ocupac¸a˜o na zona de amortecimento. Ja´ o maior
predador, Puma concolor, utilizou ambas as a´reas de forma semelhante. Entretanto, como houve
sobreposic¸a˜o entre os intervalos de confianc¸a (95%), as diferenc¸as nas probabilidades de ocupac¸a˜o entre
interior e zona de amortecimento foram fracas para as cinco espe´cies analisadas. Ale´m disso,
considerando apenas as espe´cies registradas por armadilhamento fotogra´fico, a riqueza observada e a
estimada foram similares no interior e na zona de amortecimento da UC. Nossos dados demonstraram
que a zona de amortecimento e´ de fato utilizada por va´rias espe´cies de mamı´feros de me´dio e grande
porte, incluindo aquelas priorita´rias para a conservac¸a˜o. Portanto, a falta de cumprimento da legislac¸a˜o
vigente em relac¸a˜o a`s zonas de amortecimento e´ uma ameac¸a real para as espe´cies de mamı´feros, mesmo
quando a protec¸a˜o e´ garantida no interior das UCs.
Palavras-chave: Mamı´feros de me´dio e grande porte, armadilha fotogra´fica, probabilidade de detecc¸a˜o,
ocupac¸a˜o, Estac¸a˜o Ecolo´gica de Jataı´.
Introduction
The persistence of several species worldwide has been
threatened by current levels of anthropogenic disturbances in
natural environment to the point that the rate of species
extinction is already comparable to mass extinction events of
the geological past (Dirzo et al. 2014). Among mammals, one
in each four species is already threatened, mainly due to habitat
loss and degradation. Furthermore, the effect of hunting or
gathering species for food, medicines or fuel in natural areas of
the Neotropics affect 64% of the large-bodied mammals, which
have large home ranges and depend on a large amount of area
to maintain viable populations (Schipper et al. 2008). However,
the maintenance of large natural areas depends primarily on
public policies that regulate land use and protection, together
with community commitment (Watson et al. 2014).
The replacement of native vegetation by agriculture,
pastures and urban areas is a top concern in the Neotropics,
where deforestation rates are high (Schipper et al. 2008). In
Brazil, notwithstanding its conservation importance, the
Cerrado has already lost between 48% and 55% of its original
area (Klink & Machado 2005; IBGE 2010). This domain is the
most biodiverse savannah in the world (Klink & Machado
2005), comprising 251 mammalian species, 31 of which are
endemic (Paglia et al. 2012). It is thus considered a biodiversity
hotspot and a priority region for conservation (Myers et al.
2000). Nevertheless, there is a relatively small number of
Cerrado protected areas, which covers only 4.1% of its original
area (Klink & Machado 2005).
Protected areas (PA) are recognized as the most effective
strategy for in situ conservation, maintaining not only the
biodiversity and ecosystem services, but also historical and
cultural values (Chape et al. 2005, Xavier et al. 2008). However,
the conservation of viable populations in the long term inside PA
depends on their surroundings, since species are not restricted to
the interior of the reserves (Hjert 2006, Vynne et al. 2014). Thus,
the establishment of buffer zones around them are important
management strategies for adequately achieving the objectives of
a PA, as well as to mitigate isolation problems (Morsello 2001).
A buffer zone is defined as the immediacy of a PA where the
land uses are subjected to specific norms and restrictions in order
to protect and increase the conservation value of a PA (Lynagh
& Urich 2002), providing supplementary habitat and resources
for larger wild animal populations (Morsello 2001). The
establishment of a buffer zone prevents and/or mitigates direct
and indirect anthropogenic-derived impacts from outside of the
PA such as fire, erosion, alien species invasion, noise disturbance
and edge effects (Vitalli et al. 2009, Vynne et al. 2014). Moreover,
this strategy contributes to avoid that the immediate surround-
ings of a PA act as ecological traps for wildlife (i.e., road kills,
trapping and poaching) (van der Meer et al. 2015). Additionally,
buffer zones have the potential to mitigate conflicts between local
communities and wildlife (Hjert 2006).
Many species of medium and large-sized mammals use both
the interior of PA and its surroundings as part of their home
range such as Chrysocyon brachyurus, Puma concolor and
Leopardus pardalis (Mantovani 2001). The buffer zone is
suitable habitat for several species, even though there are cases
in which animal abundances decrease from the PA perimeter
towards the buffer zone limit because of the concomitant
increase of human activities and occurrence of domestic
animals (Jotikapukkana et al. 2010). Mantovani (2001) and
Jotikapukkana et al. (2010) are some of the very few studies
that assess the occurrence of wildlife in buffer zones and the
importance of these areas (Massara et al. 2012). Furthermore,
the Brazilian law on buffer zones lacks clarity and objectivity
that hamper their practical application (Vitalli et al. 2009). The
establishment of biologically meaningful and efficient buffer
zones is an intricate issue further complicated by lack of
information derived directly from wildlife studies occurring in
this zones (Tambosi 2008).
In order to improve the knowledge of species use of buffer
zones, occupancy modeling based on camera trap data can be
used to compare the occurrence of a given species among
different sites such as the interior and the buffer zone of a PA
(Mackenzie et al. 2002, Bailey et al. 2004, O’Connell 2011). This
approach has the differential of dealing with imperfect detec-
tion, because individuals may not be detected due to sampling
limitations or low population density, which is common issue
for several species of medium and large-sized tropical mammals
(Mackenzie et al. 2002, O’Connell et al. 2006). Furthermore,
occupancy models are a powerful tool to analyze the influence
of landscape covariates and habitat changes on species
occurrence (Nicholson & Manen 2009, Cove 2011).
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Hence, this study analyse the use of a buffer zone by five
species of conservation concern through occupancy modelling,
assessing whether these species are using similarly interior and
buffer zone of a Cerrado PA. Additionally, we compare species
richness and composition of medium and large-sized mammals
between interior and buffer zone of the UC. We expected that (1)
species would use the buffer zone, but less than the interior of the
PA; and that (2) richness in the interior of the PA would be higher
than in the buffer zone.
Materials and Methods
1.Study Area and Landscape Characterization
This study was carried out in the Jataı´ Ecological Station
(JES; 9013 ha) and in the Luiz Antoˆnio Experimental Station
(LAES; 2009 ha), which are adjacent to each other (Figure 1).
These two areas are located in the Luiz Antoˆnio municipality, in
the northeastern portion of the state of Sa˜o Paulo (21° 300 S, 47°
500 W). According to Ko¨ppen classification, the climate of this
area is Aw (tropical humid) (CEPAGRI 2014). The predomi-
nant vegetation in JES is the Cerrada˜o (wooded Cerrado;
60.7%), followed by areas of Cerrado in regeneration (19.5%)
and Atlantic Semi-deciduous forest (13.6%) (Toppa 2004).
Land use and land cover map classification of the PAs (JES
and LAES) and their buffer zone (Figure 1) were done in a
1:20000 scale, based on ortophotomosaics from IGC (Instituto
Geogra´fico e Cartogra´fico do Estado de Sa˜o Paulo) and field
data, using QuantumGIS 2.2.0 and ArcGIS 10.1 (ESRI 2002).
We defined the buffer zone as a 5 km buffer around the
perimeter of JES and LAES following the definition given by
JES Management Plan (Leonel et al. 2010). In addition, as
camera traps were placed up to 2.6 km away from the perimeter
of JES and LAES (Figures 1 and 2) and considering that some
medium and large-sized mammals have large home ranges
(Mantovani 2001, Oliveira 1994), the 5 km buffer includes the
influence zone of the outermost points sampled. Therefore, our
5 km buffer comprises almost all, and surpasses in parts, the
‘‘official’’ buffer zone of JES. For this reason, we discuss our
results as representative of the buffer zone of this reserve.
We made an accuracy analysis (Kappa concordance analysis)
of our map of land cover type and use by comparing the final
map with Google Earth images and the achieved overall
accuracy was of 90%. Our mapping showed that the whole
study area (50744.1 ha: JESþLAESþ 5 km buffer) is mainly
covered by sugarcane plantations (40.6%), followed by native
vegetation (Cerrada˜o, Cerrado stricto sensu, Semi-deciduous
Atlantic forest, Deciduous Atlantic forest and riverine forests),
which covers about a third of this area (Table 1). Examining
separately PA and the buffer zone, however, we see a contrasting
scenario. While the interior of these two PA are mainly covered
by native vegetation (77.3%), only 13.2% of the buffer zone
Figure 1. Location and limits of the study areas in the state of Sa˜o Paulo, Brazil: Jataı´ Ecological Station (JES), Luiz Antoˆnio Experimental Station
(LAES) and their buffer zone (5 km from the perimeter of the reserves). The land use and cover map (1:20000) is illustrated for the entire study area
with the location of sampling units (52 in interior and 53 in buffer zone). Cartographic bases: Instituto Florestal do estado de Sa˜o Paulo and IBGE
(2008). Projection: Transverse Mercator. Datum: SIRGAS 2000.
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retains native vegetation. Sugarcane is, by far, the predominant
land cover type in the buffer zone (51.8%), followed by
silviculture (Pinus spp. and Eucalyptus spp.; 13.5%). Nonetheless,
it is important to highlight that although the buffer zone is
predominantly ‘‘anthropic’’, the amount of natural habitats
remaining in the buffer zone (native vegetation plus floodplains)
is quite significant (9322 ha) (Figure 1 and Table 1).
2.Camera trapping and Data collection
We surveyed mammals in the study area using camera traps
(Reconyxs, digital model HC 500) and active search for signs
(footprints, scats, scratches) during the 2013 dry season (April-
September). We restricted the inventory to only one season aiming
to satisfy the closure assumption in single-season occupancy
studies (no extinction and colonization of our study species at
sampling points during our ‘‘sampling season’’) (Mackenzie et al.
2006). We distributed camera traps (sampling points) overlying a
grid of square cells (200 ha each or 1.4 x 1.4 km wide) over the
study area. The center of each square was a potential point for
sampling. Within the JES and LAES, we sampled 52 of the
54 squares that covered the entire area of these two reserves
(Figure 2). We discarded two cells because they were inaccessible.
Since the buffer zone is a much larger area than the interior, we
randomly sampled 53 squares from the total of 97 squares
available (Figure 2). Thus, we divided our sampling effort
similarly between interior and buffer. Given logistical and safety
issues, all randomly selected points in sugarcane plantations or
pasture were relocated to the nearest available native vegetation,
where cameras were oriented to aim at the originally chosen land
cover type (either sugarcane or pasture). In some cases, we placed
the camera as close as possible to the original point because we
Figure 2. Sampling design of this study with the limits of the study areas (JES ¼ Jataı´ Ecological Station; LAES ¼ Luiz Antoˆnio Experimental
Station), the 2.6 km buffer, the 5 km buffer zone, the grid of 200 ha squares and the potential and selected sampling units.
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were unable to access the exact location of all sampling points.
Thus, the average minimum distance between two adjacent points
was 1.31 km for the interior and 1.15 km for the buffer.
Every month, 18 camera traps were placed in the study
area. For each sampling point, a single camera trap was set on
a tree trunk 40-60cm above the ground and programmed to
monitor continuously (24hd) during 30 consecutive days,
recording date and time of each photograph. Due to some
logistical problems, 105 of 108 sampling points were sampled,
totalling an effort of 3150 camera trap days, half of which in
JES/LAES and half in the buffer zone. There were no relevant
differences in sampling effort between camera traps since 98%
of them worked on average 30 days (average sampling effort ¼
29.8 days, SD ¼ 0.76).
The 105 sampled points were distributed in native vegetation
(62.9%), silviculture (20%), sugarcane (5.7%) and in other land
cover types (11.7%). Thus, the land cover represented by the exact
location of cameras differed from the percentage of area covered
by each land type in the whole landscape (Table 1). However,
this contrast is smaller when we consider the landscape inside the
200 ha circle surrounding all camera trap locations (Table 1).
During the setup and removal periods, we actively searched
for mammal tracks, walking 200 m in unpaved roads existing
nearest to each camera trap station, totalling 21 km of
sampling throughout the entire study. The data collected
during the active searches for signs, direct observation and
vocalizations was complementary to the inventory. We photo-
graphed signs and footprints and identified the species with the
help of field guides (Becker & Dalponte 1999, Borges &
Walfrido 2004, Carvalho Jr. & Luz 2008, Mamede & Albo
2008, Moro-Rios et al. 2008, Miranda et al. 2009).
3.Data analysis
For comparative purposes, the pool of medium and large-
sized mammal species that could possibly occur in the region
was compiled based on the current Checklist of Brazilian
Mammals (Paglia et al. 2012), together with other general
sources of information for mammals (Emmons & Feer 1997,
Eisenberg & Redford 1999, Kasper et al. 2009, IUCN 2014),
and also from Mammalian Species (www.asmjournals.org/loi/
mmsp). The resulting list totalled 39 species of medium to
large-sized mammals (approximatelyZ 2 kg) with terrestrial or
scansorial habit. Since our sampling methods did not represent
arboreal species (primates, sloths and porcupines), these were
not included in statistical analyses. Moreover, occupancy model-
ling and analysis of species richness were carried out using solely
camera trapping data.
Among the recorded species, we selected five to model
occupancy and detection probabilities (Mackenzie et al. 2006)
in order to assess if they were occupying differently the interior
of the PA and the buffer zone. Selection of the species was
based on their conservation status and habitat requirements.
The selected species included the top predator still extant in the
region, the puma (Puma concolor), a mesopredator, the ocelot
(Leopardus pardalis), a large omnivore, the maned wolf
(Chrysocyon brachyurus), a large frugivore, the collared peccary
(Pecari tajacu), and a large myrmecophage, the giant anteater
(Myrmecophaga tridactyla). All these species are threatened
with extinction in the state of Sa˜o Paulo (classified as
Vulnerable), except the collared peccary, which is classified as
Near Threatened (Bressan et al. 2009).
We organized presence data into detection/non detection
matrices, one for each species, considering six sampling
occasions of five days each (6 occasions x 5 days ¼ 30 days).
We modelled occupancy (c) and detection (p) probabilities of
each species in MARK 8.0 (White & Burnham 1999), assessing
the effect of explanatory variables. It is important to assess
detection to improve the estimation of the key parameter of
interest here (c). We choose one site covariate for modelling
occupancy and detection [‘‘local’’: interior (0) or buffer (1)];
and three site covariates [mean temperature (Temp), cumula-
tive rainfall (Precip), distance from the nearest unpaved road
(DRD)] and one survey-specific covariate [sampling date
(Julian date beginning at our first sampling day) to incorporate
time variation] for detection. Correlation tests (Spearman and
Pearson tests) were performed to investigate the collinearity
between covariates in R (R Core Team 2014); all tested
correlations were weak (correlation coefficients o 0.6).
A set consisting of candidate models was constructed from all
possible additive combinations of up to two covariates for
detection parameter (p). For this set of models c was estimated
as null or with ‘‘local’’ covariate (Doherty et al. 2012). The most
explanatory model or models was/were selected using the Akaike
Information Criterion corrected for small-sample bias (AICc)
(Burnham & Anderson 2002, MacKenzie et al. 2006) and
associated model weights (oi, Burnham & Anderson 2002). This
approach is considered the best method for achieving useful
estimates of cumulative variable weights (wcum) since it allows
constructing a balanced model set (Doherty et al. 2012).
We used the parametric bootstrap approach based on
10000 bootstrap resamples to evaluate the goodness of fit of
global model (the most parameterized model with all additive
covariates in c and p) in program PRESENCE v.6.2
(MacKenzie & Bailey 2004; Hines 2006). The global model is
considered an adequate description of the data, implying that
there is no spatial autocorrelation between sampled points, if
the estimated overdispersion parameter (c) is approximately
equal to one (Burnham & Anderson 2002), which was the case
here (see Results).
Table 1. Landscape characterization (hectares and %) within the protected areas (JES and LAES: ‘‘interior’’) and outside these protected areas (‘‘5 km
buffer zone’’). We also show the landscape represented by the area of influence of each camera trap location (the 200 ha surrounding all sampled points ¼
‘‘camera traps’’). Native vegetation ¼ Cerrada˜o, Cerrado stricto sensu, Atlantic Semi-deciduous, deciduous and riverine forests; Silviculture ¼ Pinus spp.
and Eucalyptus spp.; Others ¼ Water, Grassland, Regenerating area, Orange plantation, Pasture and Urban areas.
Area (ha) Native Vegetation (%) Floodplain (%) Sugarcane (%) Silviculture (%) Others (%)
Interior 11021.91 77.31 2.64 0.00 5.38 14.61
5 km buffer 39722.19 13.24 10.23 51.83 13.51 11.20
Total 50744.10 27.16 8.58 40.57 11.74 11.94
Camera traps 21006.74 46.56 5.53 21.02 16.62 10.27
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In order to evaluate the sampling effort and to compare
species richness between interior and buffer zone, we computed
rarefaction curves with incidence data (presence/absence of
native species only) using EstimateS version 9.1.0 (Colwell
2013). We analysed the randomized curve of ‘‘observed’’ species
(Sest) as well as the curve of ‘‘estimated’’ richness (first order
Jackknife estimator) separately for interior and buffer zone.
Results
Our camera trap data indicated that all five selected species
were using both interior and buffer zone. Collared peccary and
giant anteater were mostly detected in the interior (77%
and 67% of sampling points, respectively) while maned wolf
and puma were more frequent in the buffer zone (80% and
60%, respectively). Ocelots were registered at 26 sites in total,
half in the interior and half in the buffer zone.
Regarding occupancy and detection modeling, the ‘good-
ness of fit’ test using the global model showed good fit with no
evidence of overdispersion for those species (Table 2). From the
best ranked model that contained ‘‘local’’ covariate for c for
each species, giant anteater had the highest occupancy
probability for interior (c ¼ 0.73), followed by ocelot (c ¼
0.63) and collared peccary (c ¼ 0.50) (Table 2). For these
species, occupancy probabilities were numerically higher in the
interior than in the buffer zone, but the difference was not
strong since there was overlap between the 95% confidence
intervals of the estimates for ‘‘local’’ covariate (Figure 3).
However, for giant anteater, the overlap was smaller, indicating
a higher use within the protected area (Table 2 and Figure 3).
On the other hand, the second-ranked model for puma showed
higher occupancy probability in the buffer (c ¼ 0.64) than in
the interior (c ¼ 0.41), but its 95% confidence intervals
overlapped, indicating that this species used both areas
similarly (Table 2 and Figure 3).
Although ‘‘local’’ was also important for maned wolf, the
best-ranked model with this covariate did not converge (Table 2)
and its confidence intervals included ‘‘zero’’. This may have
happened because maned wolf was detected by cameras trap
almost four times more frequently in the buffer zone (24 sites)
than in the interior (6 sites). Then, considering the best-ranked
converged model with a reliable occupancy estimates [c (local),
p(DRDþTemp)], maned wolf had the highest occupancy
estimate in the buffer (c ¼ 0.79; Figure 3) among all species
of interest in this study.
Local was the most important variable for modeling
variation in detection probability for collared peccary and
maned wolf (wcum ¼ 0.86 and wcum ¼ 0.94, respectively). We
found a negative relationship for P. tajacu (b ¼ -1.98; 95%
CI¼ -2.84 to -1.11) and a positive relationship for C.
brachyurus (b ¼ 2.00; 95% CI¼ 1.07 to 2.93) between buffer
zone and detection of these species at occupied sites. For puma
and ocelot, the most important variable affecting detection was
‘‘distance to the nearest unpaved road’’, since this covariate had
a combined explanatory power of 99% for each species. For
these two felids, detection was lower for camera traps located
further from unpaved roads. For giant anteater, no model with
covariates for detection was better ranked than the null model.
In regard to the inventory, we recorded 31 species of
medium and large-sized mammals in the study area, 26 native
and five exotic species. The use of multiple methods was
important because some species were recorded solely by one
method of survey (Table 3). Twenty-six species occurred in the
interior of JES and LAES, while 25 in the buffer zone. Among
native species, five were solely recorded in interior (Cavia
aperea, Cuniculus paca, Didelphis albiventris, Sapajus nigritus
and Tapirus terrestris) while two exotic and two natives species
were observed only in the buffer zone (Bos taurus, Felis catus,
Callicebus nigrifrons and Procyon cancrivorus, respectively).
Considering native species that occurred both in interior and in
buffer zone, 10 species were mostly recorded in interior, while
six were more frequent in buffer zone (Cabassous unicinctus,
Cerdocyon thous, C. brachyurus, Puma yagouaroundi, Mazama
gouazoubira and Hydrochoerus hydrochaeris) (Table 3).
Considering only native mammal species recorded by
camera traps (n¼ 21), the observed richness was similar between
interior (n¼ 19) and buffer zone (n¼ 18), as there was overlap in
the 95% confidence intervals of the resulting rarefaction curves
(Figure 4). In addition, interior and buffer shared 60% of native
species (n¼ 16) (Table 3). The rarefaction curves (both interior
and buffer zone) did not reach asymptotes. Nevertheless, they
showed a stabilization trend (Figure 4), indicating a satisfactory
survey effort. The estimates of total mammal richness (1st order
Jackknife estimator) suggested, however, that there might be
additional species in the study area that were not recorded
during our sampling. Regarding this, these curves indicated that
the number of additional species might be higher in buffer zone
than in interior of the PA (Figure 4).
Discussion
According to our results, M. tridactyla, P. tajacu, L.
pardalis and P. concolor all used similarly the interior and the
buffer zone, when we consider the confidence intervals of the
estimated occupancy parameter. The large amount of contin-
uous native vegetation within JES and LAES (77%), probably
makes the area within their perimeters a highly favourable
environment for these species for several reasons, including
thermoregulation (Camilo-Alves & Moura˜o 2006), shelter and
feeding (Oliveira 1994, Emmons & Feer 1997, Murray &
Gardner 1997, Medri & Moura˜o 2005). However, large
mammals inhabiting the Cerrado might not be able to survive
in the long term solely within protected areas (Massara et al.
2012). The amount of native vegetation in buffer zone are thus
important sources of additional resources for some species, and
for providing dispersal routes.
Moreover, some species seem capable of using land cover
types common in the buffer. The giant anteater, for example,
used pine and eucalyptus plantations in the buffer zone. These
production areas represent 13% of buffer and might be con-
sidered as complementary habitats, at least for this threatened
species. Other authors have already found the giant anteater
making extensive use of planted forests in northern Brazil
(Kreutz et al. 2012, Timo et al. 2014), as well as soybean
plantations and disturbed grassland in central Brazil (Shaw
et al. 1987). According to some studies, forest plantations can
catalyse the natural regeneration in their understory, making
them more attractive habitats for wild species and contributing
to biodiversity conservation in general (Viani et al. 2010).
Occurrence of mammals in buffer zones was also reported
in a multi-species agroforestry system in Indonesia, where this
type of land-use was identified as a good strategy to extend the
habitat for mammalian populations (Salafsky 1993). This
author highlights, however, that this system may not be as
http://www.scielo.br/bn http://dx.doi.org/10.1590/1676-0611-BN-2014-0117
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suitable for animals when it is not surrounding a forested core
area. In Thailand, even relatively rare large mammals used a
buffer zone. Nonetheless, their occurrence was negatively
affected by domestic animals and human presence (Jotikapukkana
et al. 2010).
Our results from the two largest carnivores, puma and
maned wolf, also reinforce the importance of buffer zone, since
they were mostly recorded and detected in the surrounding of
the PA. As both species are wide-ranging, it is rather expected
that they might use areas much larger than the protected areas.
However, this finding also indicate, apart from the high
capacity of movement and dispersal (Oliveira 1994, Mantovani
2001), a relatively high tolerance of these species to anthro-
pogenic habitat alterations (Van Dyke 2008; Massara et al.
2012). These results are very interesting, because they suggest
that the buffer zone, although disturbed, can still provide
favorable habitat and food resources for these large carnivores.
Similarly, the generalist puma and maned wolf have been
recorded outside of Emas National Park, another large
Cerrado protected area (Silveira 2004; Vynne et al. 2010;
Vynne et al. 2014). Our results support therefore the notion
that buffer zones are potential usable area for these large
carnivores, corroborating other authors (Massara et al. 2012;
Miotto et al. 2012).
In addition, detection probabilities for puma and maned
wolf were higher in buffer zone than inside the PA, while
detection of collared peccary was lower in the buffer zone.
Puma and maned wolf have a high movement capacity and
travel long distances (Oliveira 1994, Massara et al. 2012). Thus,
their higher use of the buffer zone may increase their detection
probability. On the other hand, distance from the nearest road
explained better the detection of wild cats. This result
is expected since felids, in general, have been detected
preferentially along unpaved roads, while species such as P. tajacu
avoid roads and have been recorded with higher frequency in forest
interiors (Trolle & Ke´ry 2005, Goulart et al. 2009, Srbek-Araujo &
Chiarello 2013). Moreover, although we did not assess the relative
impact of poaching, the collared peccary is a traditional target in
Brazil (Cullen et al. 2000), and it might also be disturbed by
domestic dogs (Canis familiaris), present in human settlements that
are common outside protected areas.
Records from the inventory also stressed the need for buffer
zone conservation, for example through the use of biodiversity
friendly agricultural practices. Whereas some species were
restricted to the interior, the majority was recorded in both
interior and buffer zone and others were restricted to the
buffer. Our study area is currently harbouring 61.5% (n¼ 24)
of all native medium and large-sized non-arboreal mammals
species that could potentially occur in the study region (n¼ 39),
according to the literature. We made an important record of
the lowland tapir (Tapirus terrestris; Rodrigues et al. 2014), a
species threatened with extinction regionally (Bressan et al.
2009) and globally (IUCN 2014). This species had not been
seen in JES for more than 50 years (Lyra-Jorge 2007) and its
last sign was a skeleton found in the middle 1980’s (Talamoni et
al. 2000). However, apart from us, an unpublished camera trap
study carried out in JES between 2009 and 2010 detected tapirs
inside JES recently (Enrique Queralt, personal communica-
tion). Although this species was recorded only in the interior, it
has large home-range requirements to maintain a viable
population (Medici et al. 2012). For this reason, native
vegetation of the buffer zone may be fundamental to its
conservation. Another important record was the marsh deer,
Blastocerus dichotomus, which is critically endangered in Sa˜o
Paulo state (Bressan et al. 2009). This deer was reintroduced in
JES and surrounding areas in 1998 (Figueira et al. 2005) and
Figure 3. Occupancy estimates (c) for five species of medium and large-sized mammals in the Jataı´ Ecological Station and Luiz Antoˆnio
Experimental Station interior and in the buffer zone with their respective 95% confidence intervals (vertical lines). For C. brachyurus, the estimates
are from the ninth-ranked model [c (local), p(DRDþTemp)] because the best-ranked model including ‘‘local’’ as a covariate had no numeric
convergence for the interior and the confidence interval included ‘‘zero’’ (see Table 2).
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Table 3. Species list of the medium and large-sized mammals observed in the Jataı´ Ecological Station (JES), Luiz Antoˆnio Experimental Station
(LAES) and their buffer, the record type, the local where the species was recorded (interior or buffer), the number of sites and of records of each
species. Type of record: CT – camera trapping; DO – direct observation; FO – footprint; VO – vocalization. A In some, but not all photos of
Dasypus spp., D. novencinctus was clearly identified, but in others the identification is possible only to the genus level; BExotic species and
C Domesticated exotic species.
ORDER/Family/Species Record type Local
Interior Buffer Zone
Sites Records Sites Records
DIDELPHIMORPHIA
Didelphidae
Didelphis albiventris CT 3 3 0 0
PILOSA
Myrmecophagidae
Myrmecophaga tridactyla CT, FO, DO 32 52 19 39
Tamandua tetradactyla CT, DO 3 3 1 1
CINGULATA
Dasypodidae
Cabassous unicinctus CT, DO 1 1 2 2
Dasypus spp.A CT, FO 11 15 9 16
Euphractus sexcinctus CT, FO, DO 3 3 1 1
PRIMATES
Cebidae
Sapajus nigritus DO 1 1 0 0
Callicebus nigrifrons VO 0 0 2 2
LAGOMORPHA
Leporidae
Sylvilagus brasiliensis CT, FO, DO 13 23 13 18
Lepus europaeus B CT, FO, DO 10 13 20 35
CARNIVORA
Canidae
Canis familiaris C CT, FO, DO 7 14 24 64
Cerdocyon thous CT, FO, DO 10 10 30 123
Chrysocyon brachyurus CT, FO, DO 17 19 35 69
Felidae
Felis catus C CT 0 0 1 1
Leopardus pardalis CT, FO 15 29 14 34
Puma yagouaroundi CT, FO 2 4 8 9
Puma concolor CT, FO, DO 22 53 22 45
Mustelidae
Eira barbara CT, FO, DO 16 26 7 12
Mephitidae
Conepatus semistriatus CT, FO, DO 13 17 13 19
Procyonidae
Nasua nasua CT 6 7 2 40
Procyon cancrivorus FO 0 0 1 1
PERISSODACTYLA
Tapiridae
Tapirus terrestris CT, FO 4 4 0 0
ARTIODACTYLA
Tayassuidae
Pecari tajacu CT, FO, DO 30 245 10 36
Cervidae
Mazama gouazoubira CT, FO, DO 24 68 32 73
Blastocerus dichotomus FO 4 4 1 1
Bovidae
Bos taurus C CT, FO, DO 0 0 5 28
Suidae
Sus scrofa B CT, FO 10 22 5 6
Continued on next page
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seems to be still using both interior and buffer zone. The
continued presence of the marsh deer suggests, therefore, an
enduring population. Hence, further investigation is necessary
to ascertain current conservation status of marsh deer and
lowland tapir in the region.
Considering the Management Plan of JES (Leonel et al.
2010) and previous inventories carried out in the study area
(Gargaglioni et al. 1998, Talamoni et al. 2000, Lyra-Jorge
2007), some species were expected to occur but were not
detected by us, such as Galictis sp., that may have not been
recorded due to its swiftness and relatively small body size, and
Leopardus tigrinus, that has been rarely recorded by camera
traps, perhaps due to its natural rarity (Emmons & Feer 1997).
Low abundance or local extinction may also explain the lack of
records of the red brocked deer (Mazama americana), since this
species is vulnerable to environmental changes (Duarte et al.
2012). Species such as Ozotoceros bezoarticus, Panthera onca,
Priodontes maximus and Tayassu peccary are possibly extinct
locally since they have not been observed there in the last
decades (Gargaglioni et al. 1998, Bressan et al. 2009, Duarte
et al. 2012, Keuroghlian et al. 2013). They are very sensitive to
habitat loss and fragmentation, disappearing from degraded
areas (Chiarello 1999, Cullen et al. 2000, Morato et al. 2013).
We consider that our sampling effort was sufficient to
record most of the common and abundant species and possibly
some of the rarest ones as well, still occurring in the study area.
Although generalisations about this are tricky, camera trap-
ping studies carried out elsewhere suggest that rare species
begin to ‘‘appear’’ in inventories after sampling efforts in the
range of 1000-2000 camera trap days (Tobler et al. 2008).
However, although the buffer area is almost four times larger
than the interior, the sampling effort was roughly the same for
both areas. This difference may, therefore, explain why the
curve of total estimated richness for the interior tended to
stabilize, while that of the buffer did not. This is in accord with
the classical species-area relationship (MacArthur & Wilson
1967), which indicates that larger sampled areas should hold
higher diversity.
This species-area relationship could partially explain the fact
that buffer zone was almost as rich as the interior of the PA.
This similarity probably also results from the close proximity of
JES, which may act as a source of individuals, and from the
existence of a large floodplain (the Mogi-Guac¸u river floodplain
that has 4064 ha) in the buffer zone. Moreover, despite being
proportionally less covered by native vegetation than the PA,
the buffer zone has approximately 5260 ha of native vegetation
distributed in several fragments. These remnants of the buffer
zone are close to or structurally linked to the riparian vegetation
distributed along the Mogi-Guac¸u River. The preservation of
these riparian forests is, therefore, of utmost importance,
considering the overwhelming predominance of sugarcane
plantations in the buffer area.
Table 3. Continued.
ORDER/Family/Species Record type Local
Interior Buffer Zone
Sites Records Sites Records
RODENTIA
Cuniculidae
Cuniculus paca CT 3 6 0 0
Caviidae
Cavia aperea DO 2 2 0 0
Hydrochoerus hydrochaeris CT, DO 1 1 3 3
Dasyproctidae
Dasyprocta azarae CT, FO, DO 19 74 5 13
Figure 4. A. Rarefaction curves for observed richness of native species
recorded by camera trapping in the Jataı´ Ecological Station (JES) and
Luiz Antoˆnio Experimental Station (LAES) interior and buffer zone.
B. Estimated richness of native species recorded by camera trapping in
JES and LAES interior and buffer zone by the Jackknife 1st order
estimator. The grey lines represent the 95% confidence intervals for the
observed richness in the interior and the estimated richness in the buffer
zone respectively.
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Overall, our study contributes with relevant information
that highlight the importance of buffer zones for wildlife. As
more biological data are obtained, the closer we get to a
biologically sound extend of a buffer zone (Tambosi 2008,
Alexandre et al. 2010, Massara et al. 2012). Definitions about
this should be clearly stated in the Management Plan of
protected areas, as stated by law 9985/2000 (Brasil, 2000). If the
PA does not have a Management Plan, the CONAMA
Resolution n° 428/2010 states that the buffer zone should be
at least three kilometres wide. This extent is very close to the
buffer zone we assessed, since our camera traps were located up
to 2.6 km from the perimeter of the closest PA. We did not
expect finding comparable levels of mammal species richness in
a buffer zone heavily dominated by intensive agriculture and
silviculture. Furthermore, as we discussed above, this minimum
extent was indeed very important for the set of species we
studied more closely, including threatened ones, as the
differences in occupancy status between interior and buffer
zone were less contrasting than we anticipated. Put together,
these findings might be seen as good news for the conserva-
tion of our study species. In addition, our results may help
managers of protected areas not only to delimit the range of
buffer zone, but also to define what type of activity might be
allowed inside it.
Nevertheless, we stress the need for a cautionary look at
these findings. What we got here was just an instantaneous
snapshot of a truly dynamic process, of which we still have a lot
to study. Is the buffer zone by itself able to sustain
‘‘independent’’ mammal populations in the long term? Or,
alternatively, is it a sink area for individuals coming from inside
the PA? What portion of the ‘‘resident’’ populations living inside
JES and LAES also inhabits (and perhaps is dependent from),
the surroundings of these PA? How occupancy and detection
vary at different distances from PA? These, of course, are key
questions that we must start addressing as soon as possible to
qualify our findings. Notwithstanding these, our main findings
do highlight the need of researchers, rural inhabitants and
managers of protected areas, to urgently start looking more
closely and deeply to the role played by buffer zones, and to the
need to effectively implement management strategies to these
important zones.
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